Sunlight is the principal environmental risk factor for cutaneous melanoma. A current hypothesis postulates that the role of sunlight in causing melanoma differs according to anatomic site. We tested this hypothesis in a population-based case-case comparative study of melanoma patients.
INTRODUCTION
Several decades of research have confirmed that the relationship between sun exposure and melanoma is complex and is strongly modified by host factors including pigmentation and propensity to develop nevi. 1 The pattern of exposure to sunlight has been hypothesized to be the key determinant in melanoma development, with intermittent exposure considered to be causal and chronic exposure protective. 2 While epidemiologic evidence has accumulated in support of the intermittent exposure hypothesis, 3 several features of the occurrence of melanoma indicate that chronic exposure to sunlight has a causal role.
We have previously proposed a divergent pathway model for cutaneous melanoma irrespective of histologic classification which seeks to explain the development of melanoma by incorporating the role of sunlight, host susceptibility, and anatomic site. 4, 5 In support of this model, we found marked differences in the prevalence of nevi and solar keratoses between patients with head and neck melanomas and those with trunk melanomas. 5 Similar findings have been reported by others, 6, 7 and coupled with emerging molecular evidence that somatic genetic aberrations in cutaneous melanoma also vary by site, 8, 9 suggest that melanomasarisingatdifferentanatomicsitesmayhave different causal pathways. 10 Here, we further explore the causation of melanoma by sun exposure. Our primary hypothesis was that people with melanomas of the head and neck would be exposed to greater cumulative doses of sunlight than those with melanomas of the trunk.
METHODS
Methodologic details of patient selection and data collection have been described previously. 5 Briefly, we used a case-case study design to test our hypothesis, in which one group of melanoma patients served as the reference group to which two other groups of melanoma patients were compared. Approval to undertake the study was granted by the human research ethics committee of the Queensland Institute of Medical Research (Brisbane, Queensland, Australia) and all participants gave their written informed consent.
Patients
Patients eligible for inclusion in the study were all residents of greater Brisbane, Australia (population 1.5 million; latitude 27 degrees S) who had a first diagnosis of in situ or invasive melanoma of superficial spreading (SSM), nodular melanoma (NM), or lentigo maligna melanoma (LMM) between January 1, 1998, and December 31, 1999. Patients with other histologic subtypes, metastatic melanoma or a previous diagnosis of melanoma were not eligible. Patients were sampled prospectively from the Queensland Cancer Registry (notification of melanoma is compulsory) within three groupings: SSM or NM of the trunk (the reference group, hereafter melanomas of the trunk); SSM or NM of the head and neck (the principal comparison group, hereafter melanomas of the head and neck); lentigo maligna (LM)/LMM at any site (the chronic sun exposure comparison group.) Within each of these diagnostic groupings, potentially eligible participants were stratified by sex and age (Յ 50 years and Ͼ 50 years) and sampled with the aim of achieving equal numbers in each.
Data Collection
Data were collected from participants between June 2000 and October 2001 through a self-completed, structured questionnaire, followed by a brief interview and physical examination. In addition to background demographic information, patients were asked to separately report patterns of sun exposure while attending elementary school and high school. Respondents reported the amount of time spent outdoors after school and on weekends or holidays in summer using categoric scales (never, rarely, sometimes, usually, and always). An occupational exposure history (including periods of study and unemployment) was obtained which recorded, for each job, the number of days worked per week. Respondents were asked "how much time did you spend outdoors in the sun in summer" on workdays and nonwork days (Ͻ 1 hour per day; 1 to 4 hours per day; Ͼ 4 hours per day). Sun exposure to the trunk was elicited by asking "how often did you wear a shirt that covered your back and chest when outdoors and in the sun?" on work and nonwork days (never, rarely, sometimes, often, and always).
A research nurse unaware of the study hypotheses checked questionnaires for completeness and counted solar keratoses and nevi using standard definitions as previously described. 5 Histologic details about the type and thickness of melanoma were abstracted from pathology reports by a dermatologist who was not otherwise involved in data collection.
Statistical Analysis
We calculated two principal measures of sun exposure during adulthood: ambient exposure (as a general measure of sun exposure) and trunk exposure. For both measures, we separately calculated the amount of sun exposure received on working days (hereafter occupational exposure) and days not working (hereafter recreational exposure). To calculate ambient occupational exposure, we multiplied the duration of each employment period (in weeks) by the number of days per week worked, and the number of hours per day spent outdoors in the sun on workdays. Weights were assigned to each of the categories of outdoor sun exposure as follows: less than 1 hour per day, 0.5 hours; 1 to 4 hours per day, 2 hours; more than 4 hours per day, 6 hours. Ambient recreational exposure was calculated in a similar manner using self-reports of sun exposure on nonwork days in each employment period. We summed occupational and recreational sun exposures across all employment periods after age 20 years until age of diagnosis to derive cumulative totals. Total ambient sun exposure for each participant was the sum of cumulative occupational and recreational sun exposure.
To estimate sun exposure to the trunk during each employment period, we weighted the measures of ambient exposure to account for the proportion of time that the trunk was not covered by clothing on work days and nonwork days. People who reported never wearing clothing covering the trunk during a given time period were accorded a weighting factor of 1 (that is, trunk skin was exposed to sunlight all of the time). Those reporting rarely, sometimes, often, or always wearing clothing covering the trunk scored 0.8, 0.5, 0.2, and 0, respectively.
We measured the strength of association between categories of sun exposure and each melanoma group by calculating the odds ratio (OR) and 95% CIs with multivariable logistic regression analysis. Patients with trunk melanomas comprised the control group, to which the two other groups were compared. We adjusted for Breslow thickness, sex, and exact age in years and also included a term for age-squared in all models to adjust for residual confounding by nonlinear effects of age. Analyses were initially conducted using data from all melanoma patients and then repeated restricted to patients with invasive melanomas only. For logistic regression analysis, we categorized sun exposure indices at tertile cut points, and the group with lowest cumulative sun exposure served as the reference category. We fitted additional models including terms for pigmentation factors and numbers of nevi as potential confounders. To test for trend, categoric data were included in the model as continuous variables, and the corresponding Wald statistic was compared to a 2 with one degree of freedom. Statistical significance was determined at ␣ ϭ .05, and all tests for statistical significance were two sided. All analyses were performed in SAS, version 9.1 (SAS Institute, Cary, NC).
Role of Funding Organizations
The funding organizations had no role in the conduct of this study.
RESULTS
Of the 498 patients meeting the eligibility criteria, written consent was received from treating doctors to approach 452 patients (91%). Of these, 328 patients (73%) gave written consent to participate (65 refusals and 59 nonresponders-additional follow-up of nonresponders was not permitted by the cancer registry); 316 patients returned a completed questionnaire, and 306 patients also completed the physical examination (trunk melanoma, n ϭ 154; head and neck melanoma, n ϭ 76; LM and LMM n ϭ 76.) Characteristics of study participants are outlined in Table 1 .
Sun Exposure at School Ages
Measures of sun exposure in elementary school and high school, and measures of association with each melanoma type, are presented in Table 2 . No consistent differences in self-reported measures of sun exposure at elementary school were observed among the three groups of melanoma patients. There was some evidence that the frequency of severe sunburns during elementary school years was higher among the group of patients with LM or LMM, however this was not significant.
Overall, study participants reported lower levels of outdoor exposure during high school ages compared with elementary school ages. Nevertheless, more than 80% reported at least one episode of blistering or peeling sunburn during the high school years, and almost half reported more than five such episodes ( Table  2) . No significant associations with outdoor exposures during high school years were observed.
Ambient Sun Exposure During Adulthood
Cumulative sun exposure from age 20 years to time of diagnosis ranged from 365 to 116,150 hours. More sun exposure was acquired during work days (median, 12,318 hours; lower tertile, 7,331 hours; upper tertile, 20,037 hours) rather than nonwork days (median, 5,740 hours; lower tertile, 3,600 hours; upper tertile, 7,722 hours). Patients with head and neck melanomas were more likely to report high levels of total ambient sun exposure (OR, 2.43; 95% CI, 0.98 to 5.99) than patients with trunk melanomas (Table 3) . Similar risk estimates were obtained when analyses were restricted to patients with invasive melanomas only. Patients with LM and LMM were found to be almost four-fold more likely to have high levels of occupational sun exposure than patients with melanoma of the trunk on crude analysis (not shown), however the association was attenuated after adjusting for age, age-squared, sex, and Breslow thickness, and while elevated was no longer statistically significant (OR, 2.04; 95% CI, 0.81 to 5.09).
We partitioned total cumulative sun exposure into occupational and recreational components and noted considerable differences in risk. Patients with melanomas of the head and neck reported significantly higher levels of ambient exposure on work days (OR, 3.25; 95% CI, 1.32 to 8.00) than patients with trunk melanomas, but were significantly less likely to be exposed to the sun on nonwork days (medium exposure nonwork OR, 0.38; 95% CI, 0.17 to 0.83; high exposure nonwork OR, 0.50; 95% CI, 0.21 to 1.19; Table 3 ). Similar patterns of association were observed in the analyses restricted to invasive melanomas. Patients with LM and LMM were also found to be less likely than those with trunk melanoma to have high levels of recreational sun exposure, although this was not significant. Compared with those with melanomas of the trunk, people with head and neck melanoma were significantly more likely to receive more than half of their total dose of sunlight through workday exposures (Table 3) . We fitted further models with terms for skin type and nevus number but these made little difference to the risk estimates (not shown).
We compared solar keratosis counts for each of the three groups of melanoma patients according to their occupational sun exposure to assess whether the self-reported sun exposure histories correlated with objective findings of solar damage (Fig 1) . Those with high levels of occupational sun exposure had higher solar keratosis counts than people with low levels of exposure in all groups of melanoma patients.
Sun Exposure to the Trunk During Adulthood
A history of sun exposure to the trunk was not uncommon in this sample of melanoma patients. Total duration of sun exposure to the trunk ranged from 0 hours to 44,394 hours (median, 1,732 hours; lower tertile, 564 hours; upper tertile, 3,339 hours). Aside from a small number of patients who were outdoor workers, most participants acquired their trunk sun exposure on nonwork days (median sun exposure to the trunk: occupational 0 hours, recreational 918 hours). Patients with melanomas of head and neck typically reported similar levels of trunk sun exposure to people with melanomas of the trunk on working days, but reported lower levels of trunk sun exposure on nonwork days (Table 3) . Associations of similar direction and magnitude were observed for patients with invasive melanomas of the head and neck and for patients with LM and LMM.
DISCUSSION
Speculation that melanomas at different anatomic sites may arise through different causal pathways is not new, [11] [12] [13] and while empirical evidence in support of this notion has been reported, 4, 6, 14, 15 we are not aware of previous analytic studies designed to test this hypothesis. We have found that cutaneous melanomas developing on the head and neck were significantly more likely to occur in people with high levels of total sun exposure during adulthood, whereas melanomas on the trunk tended to occur on people with lower levels of sunlight exposure overall, but who reported higher levels of recreational exposure on the chest and back. We found no consistent evidence that patterns of sun exposure during school ages differed for melanomas arising on different body sites.
Our findings accord with earlier studies that reported that outdoor workers have a relative excess of head and neck melanomas and a deficit of melanomas at other body sites. [16] [17] [18] [19] It has been inferred from such data that melanomas arising on the head and neck are associated with chronic exposure to high levels of sunlight, however a spurious association cannot be excluded since these earlier studies did not exclude patients with LMM, the histologic subtype with a Abbreviations: LM, lentigo maligna; LMM, lentigo maligna melanoma.
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Breslow thickness was not reported for one patient with invasive melanoma of the trunk.
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predilection for the face and widely acknowledged to be caused by chronic sun exposure. 20 Because we separately analyzed patients with LMM from those with SSM and NM of the head and neck, the observed differences in sun exposure by anatomic site cannot be explained by this potential bias.
We considered the possibility that our findings were due simply to the head and neck melanoma patients being older than the patients with melanoma of the trunk, and thus had greater opportunity for accumulating high levels of sun exposure. We addressed this issue firstly by oversampling younger patients with head and neck melanoma and then adjusting for the linear and nonlinear effects of age. Confounding by other factors was also considered. We included terms for skin type in the models and this made no substantial difference to the associations. Adjusting for nevus number when considering the association between sun exposure and melanoma is contentious, with arguments for and against this practice centered on the biologic role of nevi in the causal pathway to melanoma. 21 We have presented risk estimates that were not adjusted for numbers of nevi, although including a term for nevus number in the various models made almost no difference to the estimates of risk.
Recall bias is an improbable explanation for the associations with overall measures of ambient sun exposure observed here, since all participants in the study were case patients with melanoma who were not aware of the specific hypotheses being tested. While some degree of misclassification is inevitable when measuring sun exposure, 22 it is unlikely that this would be differential with respect to the site of melanoma. Similarly, histological misclassification of melanomas (eg, LMM with SSM), while possible, cannot explain the discordant patterns of risk by anatomic site. Errors of inference might arise if in situ melanomas differ in their causation from invasive melanomas, although we are not aware of any data to suggest this effect and analyses restricted to patients with invasive melanomas only made essentially no difference to most estimates of risk.
Assuming these findings reflect real differences in the association between sunlight and melanoma at different anatomic sites, then the mechanisms remain to be defined. The prevailing paradigm to explain melanoma development is the intermittent exposure hypothesis, which proposes that episodic exposure of pigment cells to sunlight is primarily responsible for initiating tumorigenesis.
21,23,24 Numerous epidemiologic studies have been cited as providing evidence to 
‫ء‬
Sunburn data missing for one respondent in LM and LMM group. †Fourteen percent of participants did not attend high school, hence column totals for this age group are lower than equivalent exposures in elementary school age group. ‡Categories were collapsed for this measure for analyses restricted to patients with invasive melanoma due to zero cells.
support this model, 3,25 and our data might also be interpreted in this way, at least in part, since we found that people with trunk melanomas were significantly more likely to report high levels of recreational sun exposure than people with head and neck melanomas. However, the strongly positive association of head and neck melanomas with occupational sun exposure that we observed argues against melanomas at these sites arising through an intermittent exposure pathway.
How might these observations be reconciled? One explanation is that melanocytes at different anatomic locations have different propensities to undergo malignant change, 26 with melanocytes on the trunk postulated to be more prone to neoplasia than those on the head and neck. Such differences might be innate, due to anatomicallydetermined properties of melanocytes 13, 27, 28 or may reflect an acquired characteristic reflecting the pattern of exposure at the site in question. 24 Another possibility, and not withstanding either of the preceding explanations, is that the site at which a melanoma develops reflects the susceptibility of host melanocytes to proliferate in response to sunlight. Under this hypothesis, people with an inherently low propensity to develop nevi require high levels of sunlight to develop melanoma and their tumors will tend to arise on habitually exposed sites such as the head and neck. Data in support of this hypothesis have been published. 6, 7 In summary, we have found evidence that melanomas at different anatomic sites have different associations with patterns of sun exposure. These findings, together with observed differences in gene expression between melanomas 8, 9 and the distinct age distributions for melanomas of the trunk and head 15, 29 suggest that melanomas can arise through different causal pathways. Pursuing this line of enquiry through molecular and histologic approaches may yield new insights into the underlying mechanisms of this phenomenon.
